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METHODS IN DETEEMINATIVE MINEEOLOGY 
Mi n e r o l o g y c o n s i d e r s the one thousand or so d e f i n i t e m i n e r a l s 
and the many thousands o f v a r i e t i e s and d o u b t f u l s p e c i e s whioh c o n s t i -
t u t e the s o l i d o r u s t of the e a r t h . I t s purpose i s the st u d y of a l l the 
q u a l i t i e s of t h e s e m i n e r a l s ; t h e i r o h e m i c a l c o m p o s i t i o n a s r e v e a l e d by 
a n a l y s e s ; t h e i r m o l e c u l a r s t r u c t u r e a s r e v e a l e d by c r y s t a l l i n e form and 
by p h y s i c a l t e s t s , and t h e i r o r i g i n and mode of f o r m a t i o n a s r e v e a l e d 
by a s s o c i a t e d m i n e r a l s , the a l t e r a t i o n w h i c h they undergo and t h e i r 
s y n t h e t i c p r o d u c t i o n . 
I n e l e m e n t a r y work i n m i n e r o l o g y , e s p e c i a l l y i n a t e o h n l o a l 
c o u r s e , the p r i n c i p a l o b j e c t i s the a c q u i s i t i o n of an ''eye knowledge" 
of the common and c o m m e r c i a l l y i m p o r t a n t m i n e r a l s so t h a t t h e y may be 
r e c o g n i z e d a t s i g h t or d e t e r m i n e d r a p i d l y by a fev/ simple t e s t s . T h i s 
knowledge can be a c q u i r e d o n l y by h a n d l i n g and t e s t i n g many l a b e l l e d 
and u n l a b e l l e d s p e c i m e n s , and i t i s b e s t preceded by a thorough d r i l l 
i n the use of the blowpipe and a study of models and n a t u r a l c r y s t a l s . 
With t h i s t h e r e s h o u l d be g a i n e d a knowledge of t h e i r c h a r a c t e r s , 
eoonomio u s e s and o o c u r r e n c e . 
The s o l i d o r u s t of the e a r t h i s composed p r i n c i p a l l y of min-
e r a l s e a ch o f whioh may be b r o a d l y d e f i n e d a s a homogeneous s u b s t a n c e 
of d e f i n i t e c h e m i c a l o o m p o s i t i o n , found ready-made i n n a t u r e , and not 
d i r e c t l y a p r o d u c t of the l i f e or the decay of an organism. U s u a l l y 
a l s o i t w i l l p o s s e s s a d e f i n i t e and c h a r a c t e r i s t i c c r y s t a l l i n e s t r u c -
t u r e . The c o m p o s i t i o n of a homogeneous m i n e r a l may v a r y by a s e r i e s 
of r e p l a c e m e n t s a s e x p l a i n e d by Isomorphism. F r e q u e n t l y the r e s u l t s 
of a n a l y s e s show t h a t m i n e r a l s c o n t a i n e l e m e n t s f o r e i g n to t h e i r t r u e 
c o m p o s i t i o n . These may be p r e s e n t a s i m p u r i t i e s but i f the m i n e r a l i s 
homogeneous i t i s u s u a l l y found t h a t fcliese unexpected e l e m e n t s r e p l a c e 
a n a l o g o u s elements of the t r u e m o l e c u l e . Many b e r y l s , f o r i n s t a n o e 
c o n t a i n C s , H2. Na2, Ca, or Mg r e p l a c i n g Be; and Fe or C r e p l a c i n g A l . 
I n the c a s e of " G e l M i n e r a l s " , the c o m p o s i t i o n may v a r y from t a k i n g up 
( a b s o r b i n g ) o t h e r s u b s t a n c e s . I n the former c a s e a formula can be 
f i g u r e d from the a n a l y s i s , i n the l a t t e r i t i s d i f f i c u l t o r i m p o s s i b l e . 
A l l schemes f o r d e t e r m i n i n g m i n e r a l s u t i l i z e e s s e n t i a l l y the 
same t e a t s and d i f f e r p r i n c i p a l l y i n the order i n whioh they a r e 
a p p l i e d , the number of m i n e r a l s c o n s i d e r e d and the completeness w i t h 
which the minor or c o n f i r m a t o r y t e s t s a r e s t a t e d i n the scheme or 
oovared by a r e f e r e n o e to the d e s c r i p t i o n s o f the m i n e r a l s . The schemes 
may be s a i d to v a r y between the von K o b e l l ( B r u s h - ? e n f i e l d ) type i n 
which "the t a b l e s have been so dev e l o p e d t h a t t e s t s f o r c h a r a o t e r i s t l o 
c h e m i c a l c o n s t i t u e n t s f u r n i s h the c h i e f means of i d e n t i f i c a t i o n " , and 
i n w h i c h l u s t r e , f u s i b i l i t y and t e s t s f o r el e m e n t s a r e the c l a s s i f y i n g 
t e s t s , and the Weisbach ( F r a z e r - B r o w n ) t y p e , i n whioh the purpose was 
"to h e l p the d e t e r m i n a t i o n s of m i n e r a l s by t h e i r p h y s i c a l c h a r a c t e r i s -
t i c s " , and i n whioh l u s t r e , s t r e a k , c o l o r , s e o t i l i t y and h a r d n e s s a r e 
the c l a s s i f y i n g t e s t s . 
M i n e r a l s a r e d i v i d e d f i r s t i n t o m i n e r a l s of m e t a l l i c l u s t r e 
and m i n e r a l s of n o n - m e t a l l i o l u s t r e . The l u s t r a of a m i n e r a l i s de-
pendant upon I t s r e f r a c t i v e power, i t s t r a n s p a r e n c y and I t s s t r u c t u r e . 
I t may be c a l l e d the k i n d of b r i l l i a n c y or s h i n e of the m i n e r a l . 
2. 
M e t a l l i c l u s t r e . 
T h i s i s the l u s t r e of m e t a l s . I t i s e x h i b i t e d o n l y by opaque 
m i n e r a l s , and t h e s e , w i t h the e x c e p t i o n of the n a t i v e m e t a l s have a 
b l a o k or n e a r l y b l a o k s t r e a k . Soma a u t h o r i t i e s make t h i s v e r y import-
a n t , u s i n g the s t r e a k to c o n f i r m the l u s t r e . I t oan, however, be u s e d 
s a f e l y o n l y i n one d i r e c t i o n . I f the s t r e a k i s e s s e n t i a l l y b l a c k , the 
l u s t r e i s m e t a l l i c , but the green s t r e a k of a l a b a a d i t e , the brownish 
r e d of s p e c u l a r h e m a t i t e , the copper r e d of n a t i v e copper, the p a l e 
g r e e n i s h gray of m o l y b a n d i t e , do not p r e v e n t t h e i r l u s t r e b e i n g m e t a l l i c . 
N o n - m e t a l l i c l u s t r e . 
T h i s i s e x h i b i t e d by a l l t r a n s p a r e n t or t r a n s l u c e n t m i n e r a l s . 
I t may be v i t r e o u s , a damantine, r e s i n o u s , p e a r l y , s i l k y , g r e a s y or waxy. 
V i t r e o u s - The l u s t r e of a f r a c t u r e s u r f a c e of g l a s s or of a 
q u a r t z c r y s t a l . 
Adamantine - The a l m o s t m e t a l l l o l u s t r a of the unout diamond, 
z i r o o n or c e r u s s i t e , e x h i b i t e d by m i n e r a l s o f h i g h i n d e x of r e f r a o t i o n . 
B e s i n o u s - The l u s t r e of r e s i n or s p h a l e r i t e . 
G r e a s y - The l u s t r e of o i l e d g l a s s or e l a e o l i t e . 
P e a r l y - The l u s t r e of the mother of p e a r l or of f o l i a t e d t a l c . 
S i l k y - The l u s t r e of s i l k or of s a t i n s p a r , due to f i b r o u s 
s t r u c t u r e . 
« D u l l - V/ithout l u s t r e or s h i n e o f any k i n d . K a o l i n or c h a l k 
a r e good examples. 
The p r e f i x sub, a s s u b - m e t a l l i c , s u b - v i t r e o u s , i s used to e x -
p r e s s an i m p e r f e c t l u s t r e of the k i n d . 
The words s p l e n d e n t , s h i n i n g , g l i s t e n i n g , glimmering and d u l l 
a r e terms o f i n t e n s i t y dependent on the q u a n t i t y of l i g h t r e f l e o t e d . 
L u s t r e s h o u l d , when p o s s i b l e , be d etermined by oomparison w i t h 
m i n e r a l s of known l u s t r e , and s h o u l d a l w a y s be o b s e r v e d on a f r e s h or 
u n a l t e r e d s u r f a o a . 
The d a j ^ e e and k i n d o f l u s t r e a r e a l w a y s the same on l i k e f a c e s 
of the c r y s t a l , but may be d i f f e r e n t on u n l i k e f a o e s , a s i n a p o p h y l l i t e , 
whioh has p e a r l y b a s a l p i n a c o i d and v i t r e o u s p r i s o n f a c e s . 
The m i n e r a l s of m e t a l l i c l u s t r e a r e s u b d i v i d e d by the t e s t s 
( o r c h a r a c t e r s ) 
1 . C o l o r 
2. S t r e a k 
3. H e a t i n g on c h a r c o a l . 
1 . C o l o r . 
The s u r f a c e c o l o r s a r e of two c l a s s e s 
1 . C o l o r s dependent on the ohemloal o o n s t i t u e n t s . 
2. C o l o r s dependent on p h y s i c a l c a u s e s . 
C o l o r |(ependont on C h e m i c a l C o m p o s i t i o n . 
C o l o r i s one of the l e a s t c o n s t a n t m i n e r a l c h a r a c t e r s , and 
v a r i e s w i t h d i f f e r e n t speoimeu)(^s of the same s p e c i e s . I t i s f r e q u e n t l y 
changed by a few h u n d r e d t h s of one p e r c e n t of some o r g a n i c or i n o r -
g a n i c s u b s t a n c e d i s s o l v e d i n the m i n e r a l , or by l a r g e r amounts of 
m e c h a n i c a l l y i n c l u d e d f o r e i g n m a t e r i a l . 
I n d e s c r i b i n g c o l o r the terms w h i t e , g r a y , brown, b l a c k , b l u e , 
g r e e n , y e l l o w and red a r e u s e d , w i t h p r e f i x e s which suggest the shade 
by the c o l o r of some f a m i l i a r o b j e c t . These need no e x p l a n a t i o n . 
3. 
C o l o r Due to P h y s i c a l C a u s e s * 
I f the obsorvod s u r f a o e o o l o r ohauges w i t h the d i r e c t i o n i n 
w h i c h i t i s viewed i t i s due to i n t e r f e r e n c e of l i g h t . 
P l a y o r change or c o l o r s - A s u o o e s s i o n o f c o l o r s , v a r y i n g 
w i t h the d i r e c t i o n the m i n e r a l i s v i e w e d , as i n o p a l , l a b r a d o r i t e , or 
diamond. 
IT r i d a s o e n c e - Bands of p r i s m a t i o c o l o r s , e i t h e r from the i n -
t e r i o r o f a m i n e r a l , a s from a t h i n f i l m of a i r between c l e a v a g e s ; or 
e x t e r n a l and due to a t h i n o o a t i n g or a l t e r a t i o n . 
T a r n i s h - A s u r f a o e whioh has been exposed to the a i r or to 
m o i s t u r e i s o f t e n of d i f f e r e n t o o l o r from the f r e s h f r a c t u r e . 
Opalesoenoe - A m i l k y or p e a r l y r e f l e c t i o n , sometimes an 
e f f e c t of c r y s t a l l i n e s t r u c t u r e , a t o t h e r t i m e s duo to f i b r o u s i n c l u -
s i o n s . 
A s t e r i s m - A s t a r e f f e c t by r e f l e c t e d l i g h t , a s i n the ruby, 
or by t r a n s m i t t e d l i g h t , a s i n some m i c a s , and due to s t r u c t u r e p l a n e s 
or s y m m e t r i c a l l y a r r a n g e d i n c l u s i o n s . 
2. S t r e a k . 
The s t r e a k of a m i n e r a l i s the c o l o r o f i t s f i n e powder. I t 
i s u s u a l l y o b t a i n e d by r u b b i n g the m i n e r a l on a p i e c e of h a r d , w h i t e 
m a t e r i a l , such a s u n g l a z e d p o r c e l a i n , and b r u s h i n g o f f the e x c e s s , or 
i t may be o b t a i n e d l e s s p e r f e c t l y by s c r a t c h i n g the m i n e r a l w i t h a 
k n i f e or f i l e , or by f i n e l y p u l v e r i z i n g a fragment of the specimen. 
The s t r e a k o f t e n v a r i e s w i d e l y from the c o l o r of the mass and 
i s n e a r l y c o n s t a n t f o r any s p e c i e s . When not w h i t e i t i s a c h a r a c t e r -
i s t i o v e r y u s e f u l I n d e t e r m i n a t i o n . 
3. H e a t i n g on c h a r c o a l . 
A s h a l l o w c a v i t y . J u s t s u f f i c i e n t to p r e v e n t the s u b s t a n c e 
s l i p p i n g , i s bored a t one end of the c h a r c o a l and a s m a l l fragment or 
a v e r y l i t t l e o f the powdered s u b s t a n c e i s p l a c e d i n i t . The c h a r c o a l 
i s h e l d i n the l e f t hand, so t h a t the s u r f a c e i s a t r i g h t a n g l e s to the 
lamp but t i p p e d v e r t i c a l l y a t about 120° to the d i r e c t i o n i n whioh the 
flame i s blown. 
A g e n t l e o x i d i z i n g flame i s blown, the blue flame not t o u c h i n g 
the s u b s t a n c e , but b e i n g J u s t behind and i n a l i n e w i t h i t . A f t e r a 
few moments the t e s t i s examined and a l l changes a r e noted, such a s 
p o s i t i o n and c o l o r of s u b l i r n a t e s , c o l o r c hanges, odors, d e c r e p i t a t i o n , 
d e f l a g r a t i o n , f o r m a t i o n of m e t a l g l o b u l e s or magnetic p a r t i c l e s . The 
h e a t i s then i n c r e a s e d and c o n t i n u e d a s l o n g as the same r e a c t i o n s occur, 
but i f , f o r i n s t a n c e , a s u b l i m a t e of new c o l o r or p o s i t i o n i s o b t a i n e d , 
i t i s o f t e n w e l l to remove the f i r s t s u b l i m a t e e i t h e r by t r a n s f e r r i n g 
the s u b s t a n c e to a n o t h e r p i e c e o f c h a r c o a l or by b r u s h i n g away the 
f i r s t formed s u b l i m a t e a f t e r i t s s a t i s f a c t o r y i d e n t i f i c a t i o n . 
The same s t e p s h o u l d then be f o l l o w e d u s i n g the r e d u c i n g f l a m e . 
The s u b l i m a t e s d i f f e r i n c o l o r and p o s i t i o n on the o h a r o o a l ; 
some a r e e a s i l y removed by h e a t i n g w i t h the o x i d i z i n g flame, some by 
the r e d u c i n g flame, some a r e almost n o n - v a l a t i l e , and some impart c o l o r s 
to the f l a m e . 
I m p o r t a n t S u b l i m a t e s on C h a r c o a l . 
1 . Without F l u x e s - T r e a t — F i r s t w i t h d x i d i z i n g flame, t h e n 
i n r e d u c i n g f l a me. 
A r s e n i c - White v o l a t i l e c o a t . I t i s d e p o s i t e d a t some d i s -
t a nce from a s s a y . Fumes i n v i s i b l e c l o s e to a s s a y . The odor of g a r l i c 
i s mar ken). 
Antimony - White p u l v e r u l e n t v o l a t i l e c o a t . I t i s d e p o s i t e d 
n e a r a s s a y and the fumes a r e v i s i b l e c l o s e to a s s a y a f t e r removal of 
flame . 
S e l e n i u m - H o r s e - r a d i s h odor and a s t e e l - g r a y ooat* 
T e l l u r i u m - White c o a t w i t h r e d or y e l l o w b o r d e r . 
Cadmium - Brown c o a t surrounded by peacock b o r d e r . 
Molybdenum - C r y s t a l l i n e y e l l o w and w h i t e ooat w i t h an o u t e r 
o i r o l e of u l t r a m a r i n e b l u e , 
l e a d ) 
Bismuth) Y e l l o w s u b l i m a t e w i t h o u t e r f r i n g e of w h i t e . 
zina - White n o n - v o l a t i l e c o a t c l o s e to a s s a y , y e l l o w i s h w h i l e 
hot • 
2. With Bismuth F l u x . 
Lead - G r e e n i s h y e l l o w , voluminous c o a t . 
Bismuth - B r i g h t r e d band w i t h a f r i n g e of y e l l o w . 
Mercury - F a i n t y e l l o w c o a t . 
Antimony - F a i n t y e l l o w c o a t * 
A r s e n i c - F a i n t y e l l o w c o a t . 
T i n - Y/hlte c o a t . 
3. ?;ith Soda (Sodium Carbonate or B i o a r b o n a t e ) . 
Soda on o h a r o o a l e x e r t s a r e d u c i n g a c t i o n p a r t l y by the form-
a t i o n of sodium c y a n i d e , p a r t l y because the s a l t s s i n k i n t o the c h a r -
c o a l and y i e l d gaseous sodium and oarbon monoxide. The most s a t i s f a c -
t o r y method i s to mix the s u b s t a n c e w i t h t h r e e p a r t s o f the m o istened 
r e a g e n t and a l i t t l e b o r a x ; then spread on the c h a r c o a l and t r e a t w i t h 
a good r e d u c i n g flame u n t i l e v e r y t h i n g t h a t can be a b s o r b e d h a s d i s -
a p p e a r e d . M o i s t e n the c h a r c o a l w i t h w a t e r , b r e a k out and g r i n d the 
p o r t i o n c o n t a i n i n g the c h a r g e . Wash away the l i g h t e r p a r t and examine 
the r e s i d u e f o r s c a l e s and m a gnetic p a r t i c l e s . 
The r e d u c t i o n may r e s u l t i n : 
1 . C o a t i n g , but no reduced m e t a l . 
V o l a t i l e w h i t e c o a t i n g and g a r l i c odor----- — — ^ s . 
Reddish-brown and orange c o a t i n g w i t h 
o h a r a o t e r i s t i o v a r i e g a t e d b o r d e r - - - - - - - — — — c d . 
N o n - v o l a t i l e c o a t i n g , y e l l o w hot and w h i t e c o l d — - - — - Z n . 
V o l a t i l e s t e a l - g r a y c o a t i n g and h o r s e r a d i s h odor^ Se. 
V o l a t i l e w h i t e c o a t i n g w i t h r e d d i s h b o r d e r Te. 
2. C o a t i n g w i t h reduced m e t a l . 
V o l a t i l e t h i c k w h i t e c o a t i n g and gray 
b r i t t l e b u t t o n Sb. 
Lemon-yellow c o a t i n g and r e d d i s h - b r o w n b r i t t l e 
but t o n — - — — — B i . 
S u l p h u r - y e l l o w c o a t i n g and gray m a l l e a b l e b u t t o n - --Pb. 
N o n - v o l a t i l e w h i t e c o a t i n g , y e l l o w h o t , and 
m a l l e a b l e w h i t e b u t t o n -Sn. 
White c o a t i n g , made blue by touch of R.F., and 
g r a y i n f u s i b l e p a r t i c l e s - ^ uo. 
3. Reduced m e t a l o n l y . 
M a l l e a b l e b u t t o n s Cu, Ag, Au. 
Gray magnetic p a r t i c l e s - - - - F e , Co, N i . 
Gray aon-magnetic i n f u s i b l e p a r t i c l e s -W, P t , Pd, I r , R h . 
The c a r b o n a t e combines w i t h many s u b s t a n c e s forming both 
f u s i b l e and I n f u s i b l e compounds. Many s i l i c a t e s d i s s o l v e v d t h a l i t t l e 
o f the r e a g e n t , but w i t h more a r e i n f u s i b l e ; a few e l e m e n t s form 
c o l o r e d beads w i t h the r e a g e n t , e s p e c i a l l y w i t h i)l&tinum. 
The r e s i d u e l e f t a f t e r h e a t i n g may c o n t a i n m a l l e a b l e m e t a l l i c 
beads of copper, l e a d , s i l v e r , t i n or g o l d . I t may c o n s i s t of an 
e a s i l y f u s i b l e b u t t o n of b i s m u t h , antimony, or the s u l p h i d e , a r s e n i d e 
or antimonide of some m e t a l . I t may be magnetic from the p r e s e n c e o f 
5. 
i r o n , c o b a l t or n i c k e l or i t may show an a l k a l i n e r e a c t i u , when touched 
to m o i s t e n e d r e d l i t m u s or t u m e r i c p a p e r , i n d i c a t i n g the p r e s e n c e of 
some moinber of the p o t a s s i u m or c a l c i u m group of m e t a l s . 
I n f u s i b l e Compounds - Mg, A l , Z r , Th, Y, G l . 
F u s i b l e Compounds - S i 0 2 e f f e r v e s c e s and forms a c l e a r bead 
t h a t remains c l e a r on c o o l i n g i f the r e a g e n t i s not i n e x c e s s . 
T i O2 e f f e r v e s c e s and forms a c l e a r bead c r y s t a l l i n e and opaque 
on c o o l i n g . 
WOg and Mo Og e f f e r v e s c e but s i n k i n the c h a r c o a l . 
Ba, S r , T a , T, Nb, s i n k i n t o the c h a r c o a l . 
Ca f u s e s , t h e n decomposes, and the soda s i n k s i n t o the c h a r -
c o a l . 
C o l o r e d beads - Mn forms a t u r q u o i s or b l u e - g r e e n opaque bead 
w i t h soda on p l a t i n u m w i r e i n the o x i d i z i n g f l a m e . 
C r forms a chrome-yellow opaque bead w i t h soda on p l a t i n u m 
w i r e i n the o x i d i s i n g flame, whioh becomes gre e n i n r e d u c i n g f l a m e . 
S u l p h u r r e a c t i o n - I f a l i t t l e of the r e s i d u e , w i t h some of the 
c h a r c o a l b e n e a t h . I s t a k e n up upon the p o i n t of a k n i f e and p l a c e d upon 
a wet s i l v e r c o i n , the c o i n w i l l be b l a c k e n e d i f s u l p h u r was p r e s e n t 
as the s u l p h i d e . S u l p h a t e s and o t h e r s u l p h u r oompounds w i l l a l s o g i v e 
the same r e a c t i o n a f t e r thorough f u s i o n . The t e s t s h o u l d a l w a y s be 
made on a f r e s h p l e o e o f c h a r c o a l . 
4. With M e t a l l i c Sodium. 
R e d u c i n g e f f e c t s whioh a r e o b t a i n e d w i t h soda o n l y by h a r d 
b l o w i n g may be aocomplished by the use of m e t a l l i c sodium i m m e d i a t e l y 
and w i t h the g r e a t e s t e a s e . The m e t a l s h o u l d be h a n d l e ^ c a r e f u l l y and 
not a l l o w e d t o come i n c o n t a c t w i t h w a t e r . I t should be kept i n s m a l l 
t i g h t l y c l o s e d b o t t l e s , and i f kept c o v e r e d w i t h n a p t h a , whioh i s not 
n e c e s s a r y , c a r e s h o u l d be t a k e n t h a t the naptha i s not exposed to f i r e . 
A cube of sodium about a q u a r t e r - i n c h i n d i a m e t e r i s out 
o f f w i t h a k n i f e and hammered down f l a t . The powdered s u b s t a n c e i s 
p l a c e d upon the sodium, p r e s s e d i n t o I t and the whole moulded i n t o a 
l i t t l e b a l l w i t h a k n i f e b l a d e . T h i s sodium b a l l .should not be touched 
w i t h the f i n g e r s , f o r i f some o x i d e s a r e p r e s e n t , such as l e a d o x i d e , 
spontaneous combustion may t a k e p l a c e . A f t e r p l a c i n g the sodium b a l l 
on the o h a r o o a l i t s h o u l d be touched c a r e f u l l y w i t h a match or Bunsen 
f l a m e . A l i t t l e f l a s h e n s u e s and the r e d u c t i o n i s a o c o m p l i s h e d . The 
r e s i d u e can now be s a f e l y h e a t e d w i t h the r e d u c i n g flame of the blow-
p i p e , any reduced m e t a l c o l l e c t e d t o g e t h e r and the sodium oompounds 
v o l a t i l i z e d or a b s o r b e d by the c h a r c o a l . When p r e s e n t i n s u f f i c i e n t 
q u a n t i t y , beads of the m a l l e a b l e m e t a l s c a n be o b t a i n e d i m m e d i a t e l y 
from almost any of t h e i r m i n e r a l oompounds; m e t a l s l i k e z i n c and t i n , 
w h i c h r e q u i r e r e d u c t i o n b e f o r e v o l a t i l i z a t i o i x y i e l d t h e i r s u b l i m a t e s 
w i t h comparative e a s e ; and i f a l i t t l e c h a r c o a l beneath the a s s a y i s 
p l a c e s l on a wet s i l v e r c o i n the s u l p h u r r e a c t i o n w i l l be o b t a i n e d i f 
s u l p h u r were p r e s e n t . 
I n g e n e r a l the r e s u l t s a r e the same a s o u t l i n e d f o r soda 
but a r e muoh more e a s i l y s e c u r e d . 
E v e n s i l i c a , s i l i c a t e s , b o r a t e s , e t c . , a r e reduced but a r e 
g e n e r a l l y i d e n t i f i e d by o t h e r means. 
The m i n e r a l s of n o n - m e t a l l i c l u s t i e a r e d i v i d e d by f i v e 
t e s t s t 
1 . " T a s t e " or S o l u b i l i t y i n Y / a t e r . 
The t e s t i s v a l u a b l e because the e x i s t e n c e of a " t a s t e " 
i s u n m i s t a k a b l e , but the r e c o g n l a t i o n of the t a s t e i s not e a s y . 
2. S o l u b i l i t y i n D i l u t e H y d r o c h l o r i c A o i d , 
6 
T h i s t e s t f a i l s o n l y from c a r e l e s s n e s s * 
3. Treatment on C h a r c o a l w i t h Soda. 
4. Treatment i n P l a t i n u m F o r o e p s . 
T h i s i s the " f u s i o n t e s t " . The scheme and the s a f e t y 
f o r c e p s r e q u i r e t h a t the absence of v o l a t i l e or e a s i l y f u s i b l e e l e m e n t s 
s h o u l d f i r s t be proved on c h a r c o a l . 
5. Flame C o l o r a t i o n . 
1 . S o l u b i l i t y i n Water - O r d i n a r i l y the absence of a t a s t e 
or o f some e v i d e n c e of exp o s u r e such a s d u l l s u r f a c e or damp c o n d i t i o n 
or tendency to f a l l to powder or even a h a r d n e s s above 3 prove i n -
s o l u b i l i t y i n w a t e r . 
But a s r e c o g n i t i o n of the k i n d of t a s t e i s not u s u a l l y 
e a s y i t i s b e t t e r to h e a t the powdered s u b s t a n c e w i t h water and a l l o w 
s e v e r a l drops of the s o l u t i o n to e v a p o r a t e on a g l a s s s l i p , u s u a l l y 
o b t a i n i n g a v e r y c h a r a c t e r i s t i c r e c r y s t a l l i z a t i o n e i t h e r of the o r i g i n a l 
s u b s t a n c e or c r y s t a l s of some new compound. 
2. S o l u b i l i t y i n D i l u t e H y d r o c h l o r i c A c i d - D i l u t e ( 1 : 1 ) 
h y d r o c h l o r i c a c i d i s g e n e r a l l y used to determine the eas e or degree of 
s o l u b i l i t y . The s u b s t a n c e must be s e l e c t e d a s n e a r l y pure a s p o s s i b l e , 
f i n e l y ground and added to the a c i d i n s u c c e s s i v e s m a l l q u a n t i t i e s . A 
c l e a r s o l u t i o n s h o u l d bo aimed a t , a c i d b e i n g added i f more i s needed 
u n t i l e v e r y t h i n g has d i s s o l v e d . I f complete s o l u t i o n cannot be ob-
t a i n e d , the l i q u i d must be f i l t e r e d and the c l e a r f i l t r a t e s l o w l y and 
p a r t i a l l y e v a p o r a t e d u n t i l s e p a r a t i o n oomuionces. I f doubt e x i s t s a s to 
s o l u b i l i t y the l i q u i d must be e v a p o r a t e d to d r y n e s s , a r e s i d u e p r o v i n g 
s o l u t i o n to havo t a k e n p l a c e . 
D u r i n g the t r e a t m e n t c a r b o n a t e s and some s u l p h i d e s a r e 
decomposed and Co^ or H^ S e s c a p e s w i t h e f f e r v e s c e n c e . The odor o f H^S 
i s e a s i l y r e c o g n i z e d . Some s i l i c a t e s w i l l y i e l d on p a r t i a l e v a p o r a t i o n 
a cake of J e l l y , o t h e r s lumps of J e l l y , o t h e r s f i n e p u l v e r u l e n t s i l i c a . 
S t i l l o t h e r m i n e r a l s may form c h a r a c t e r i s t i c c r y s t a l s or r e s i d u e s . 
3. Treatment on C h a r c o a l w i t h Soda - T h i s was t a k e n up 
under H e a t i n g on C h a r c o a l . 
4. Treatment i n P l a t i n u m F o r o e p s - The s u b s t a n c e should be 
t r i e d on c o a l to see i f v o l a t i l e or r e d u c i b l e . I f not t h e n sharp 
edged t h i n s p l i n t e r s of some a p p r o x i m a t e l y c o n s t a n t s i z e ( s a y 1 ^ x 4 mm) 
a r e h o l d i n the p l a t i n u m f c r c e p s J u s t beyond the t i p o f the b l u e flame. 
I f e a s i l y f u s e d or reduced on c o a l , the p l a t i n u m f o r c e p s 
must be a v o i d e d and the c l o s e d tube used ( f o r 1 and 2 b e l o w ) . 
I f i n powder, or w i t h a tendency to crumble, g r i n d and 
mix w i t h water to f i n e p a s t e , s p r e a d t h i n on c o a l and d r y , and, i f 
c o h e r e n t , h o l d i n the f o r c e p s . 
The fragment s h o u l d p r o j e c t beyond the p l a t i n u m so t h a t 
h e a t may not be drawn o f f by the p l a t i n u m , and the flame d i r e c t e d e s -
p e c i a l l y upon the p o i n t . I t i s a l w a y s w e l l to examine the s p l i n t e r 
witrf a m a g n i f y i n g g l a s s , b e f o r e and a f t e r h e a t i n g . 
The manner o f f u s i o n may be such a s to r e s u l t i n a g l a s s 
s l a g which i s o l e a r and t r a n s p a r e n t , or w h i t e and opaque, or of some 
o o l o r , or f i l l e d w i t h b u b b l e s * There may be a f r o t h i n g or Intumes-
cenoe, or a s w e l l i n g and s p l i t t i n g ( e x f o l i a t i o n ) . I n c e r t a i n i n s t a n c e s 
the c o l o r and form may change w i t h o u t f u s i o n , e t c . 
The degree of f u s i b i l i t y i s s t a t e d i n terms of a s c a l e 
of f u s i b i l i t y a s suj^^jested by von E o b e l l or sometimes i n terms suoh a s 
e a s i l y f u s i b l e , d i f f i c u l t l y f t s i b l e . 
7 
The s c a l e somewhat modernized i s t 
E a s i l y F u s i b l e * 
1 . S t i b n l t e or s u l p h u r . Fuse i n o l o s e d t u b e below r e d h e a t . 
C o a r s e s p l i n t e r s fuse i n a c a n d l e or gas f l a m e . 
2. C h a l c o p y r i t e or G a l e n i t e . Fuse i n o l o s e d tube a t r e d h e a t . 
S t a n d a r d s p l i n t e r s f u s e i n luminous flame. 
3. Garnet ( A l m a n d i t e ) or S t i l b i t e . S t a n d a r d s p l i n t e r s e a s i l y 
f u s e b e f o r e the blowpipe to a g l o b u l e . 
4. A c t i n o l i t e or B a r i t e . S t a n d a r d s p l i n t e r s a r e e a s i l y 
rounded b e f o r e the b l o w p i p e . F i n e s p l i n t e r s f u s e e a s i l y to a g l o b u l e . 
D i f f i c u l t l y F i s u b l e . 
5. O r t h o c l a s e or S p h a l e r i t e . S t a n d a r d s p l i n t e r rounded on 
t h i n edges b e f o r e the b l o w p i p e . Only f i n e s t s p l i n t e r s fused to a 
g l o b u l e • 
6. Calamine or E n s t a t i t e . F i n e s t edges only rounded b e f o r e 
b l o w p i p e . 
I n f u s i b l e . 
7. Quartz or t o p a z . R e t a i n i n g edges i n a l l t h e i r s h a r p n e s s 
a f t e r t r e a t m e n t . 
5. Flame C o l o r a t i o n . A number of m i n e r a l s when h e a t e d 
o o l o r the f l a m e , some a t a g e n t l e h e a t , some o n l y a t the h i g h e s t h e a t 
a t t a i n a b l e . Repeated d i p p i n g of the m i n e r a l i n h y d r o o h l o r i o a c i d 
u s u a l l y a s s i s t s by forming v o l a t i l e c h l o r i d e s . 
The i m p o r t a n t flame o o l o r a t i o u a r e : 
Y e l l o w s . 
Y e l l o w - Sodium and a l l i t s s a l t s . I n v i s i b l e w i t h blue g l a s s . 
Reds. 
Carmine - L i t h i u m compounds. Masked by soda f l a m e . V i o l e t 
through blue g l a s s . 
S c a r l e t - s t r o n t i u m compounds. Masked by barium flame. 
V i o l e t r e d through b l u e g l a s s . Y e l l o w i s h through g r e e n g l a s s . 
Y e l l o w i s h - C a l c i u m compounds. Masked by barium f l a m e . 
G r e e n i s h gray through blue g l a s s . Green through green g l a s s . 
G r e e n s . 
Y e l l o w i s h - Barium compounds, molybdenum s u l p h i d e and o x i d e ; 
b o r a t e s e s p e c i a l l y w i t h s u l p h u r i c a c i d or b o r a c i o a c i d f l u x . 
Pure green - Compounds of t e l l u r i u m or t h a l l i u m . 
E m e r a l d - Most copper compounds w i t h o u t h y d r o c h l o r i c a c i d . 
B l u i s h - P h o s p h o r i c a c i d and ph o s p h a t e s w i t h s u l p h u r i c a c i d . 
F e e b l e - Antimony oompounds. Ammonium oompounds. 
W h i t i s h - Z i n o . 
B l u e s . 
L i g h t - A r s e n i c , l e a d and s e l e n i u m . 
Azure - Copper c h l o r i d e . 
With Green - Copper bromide and ot h e r copper compounds w i t h 
h y d r o c h l o r i c a c i d . 
V i o l e t . 
P o t t a s s i u m compounds. Obscured by soda f l a m e . P u r p l e r e d 
through b l u e g l a s s . B l u i s h green through green g l a s s . . 
P h o s p h o r e s c e n c e . 
Many m i n e r a l s , a f t e r b e i n g s u b j e c t e d to v a r i o u s o u t s i d e i n -
f l u e n c e s , emit l i g h t which o f t e n p e r s i s t s f o r some time a f t e r removal 
of the e x c i t i n g o a u s e . P h o s p h o r e s c e n c e may be i n d u c e d by o r d i n a r y 
l i g h t , h e a t , f r i c t i o n , m e c h a n i c a l f o r c e or e l e c t r i c a l s t r e s s but e s -
p e c i a l l y by the a c t i o n o f radium, polonium and a c t i n i u m e m a n a t i o n s , by 
x - r a y s and by u l t r a - v i o l e t l i g h t . 
F l u o r e s c e n c e • 
F l u o r e s c e n c e i s i n d u c e d by much the same a g e n c i e s as 
8. 
phosphoreBoence, but the e m i t t e d l i g h t , w h i c h may be w h i t e or c o l o r e d , 
p e r s i s t s o n l y d u r i n g the a c t i o n of the e x c i t i n g a g e n t . 
T r a n s l u c e n c y . 
The t r a n s l u c e n c y of a m i n e r a l i s i t s c a p a c i t y to t r a n s m i t 
l i g h t . A m i n e r a l i s s a i d to be 
T r a n s p a r e n t - When o b j e c t s can be seen through i t w i t h c l e a r -
n e s s . 
S u b t r a n s p a r e n t - "/hen o b j e c t s c a n be more or l e s s i n d i s t i n c t l y 
s e e n through i t . 
T r a n s l u c e n t - When l i g h t p a s s e s through but not enough to d i s -
t i n g u i s h o b j e c t s . 
S u b t r a n s l u o e n t - When o n l y the t h i n edges show t h a t any l i g h t 
p a s s e s . 
Opaque - When no l i g h t a p p e a r s to p a s s t h r o u g h . 
C l e a v a g e and P a r t i n g . 
Many c r y s t a l l i z e d s u b s t a n c e s when s h a r p l y s t r u c k or when 
p r e s s e d w i t h a k n i f e edge s p l i t i n t o fragments bounded by smooth p l a n e 
s u r f a c e s which a r e a l w a y s p a r a l l e l to f a c e s of simple forms i n which 
the s u b s t a n c e can c r y s t a l l i z e . These s u r f a c e s a r e more s p l i n t e r y t h a n 
the t r u e o r y s t a l f a c e s but the a n g l e s between them a r e J u s t a s e x a c t a s 
the i n t e r f a c i a l a n g l e s . 7/hen the s e p a r a t i o n can be o b t a i n e d w i t h 
e q u a l ease i n any p a r t of the o r y s t a l and t h e r e i s o n l y a meohanioal 
l i m i t to the t h i n n e s s of the r e s u l t i n g p l a t e s , the. c h a r a c t e r i s c a l l e d 
c l e a v a g e . When, however, the s e p a r a t i o n can be o b t a i n e d o n l y a t i r -
r e g u l a r i n t e r v a l s the c h a r a c t e r i s c a l l e d p a r t i n g . F u r t h e r m o r e , a l l 
o r y s t a l s of the same s u b s t a n c e show the same c l e a v a g e , whereas p a r t i n g 
may be o b t a i n e d i n one c r y s t a l and not i n a n o t h e r . 
Terms of c l e a v a g e - Cl e a v a g e i s s a i d to be p e r f e c t or eminent 
when o b t a i n e d e a s i l y , g i v i n g smooth, l u s t r o u s s u r f a c e s . I n f e r i o s 
d e g r e e s of eas e of c l e a v a g e a r e c a l l e d d i s t i n c t , i n d i s t i n c t or im-
p e r f e c t , i n t e r r u p t e d , i n t r a c e s , d i f f i c u l t . 
E l a s t i c i t y . 
E l a s t i c - A t h i n p l a t e w i l l bend and t h e n bend back to i t s 
o r i g i n a l p o s i t i o n when the ben d i n g f o r c e i s removed, a s i n m i c a . 
F l e x i b l e or P l i a b l e - A t h i n p l a t e w i l l bend w i t h o u t b r e a k i n g 
as i n f o l i a t e d t a l o . 
T e n a c i t y . 
B r i t t l e - B r e a k s to powder b e f o r e a k n i f e or hammer and oan 
not be shaved o f f i n s l i c e s . 
S e c t l l e - S m a l l s i l o e s oan be shaved o f f whioh, however, 
crumble when hammered. 
M a l l e a b l e - S l i c e s oan be shaved o f f w h i c h w i l l f l a t t e n under 
the hammer. 
Tough - The r e s i s t a n c e to t e a r i n g a p a r t under a s t r a i n or 
blow i s g r e a t . 
D u c t i l e - Can be drawn i n t o a w i r e . 
F r a c t u r e • 
When the s u r f a c e o b t a i n e d i s not a pl a n e or a s t e p - l i k e a g g r e -
g a t i o n of p l a n e s i t i s c a l l e d a f r a c t u r e and d e s c r i b e d a s : 
C o n c h o i d a l , rounded and c u r v e d l i k e a s h e l l . 
E v e n , a p p r o x i m a t e l y p l a n e . 
Uneven, rough and i r r e g u l a r . 
H a c k l y , w i t h Jagged sharp j o i n t s and d e p r o s s i o a s as w i t h 
m e t a l s . 
S p l i n t e r y , w i t h p a r t i a l l y s e p a r a t e d s p l i n t e r s or f i b e r s . 
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H a r d n e s s * 
The r e s i s t a n c e of a smooth p l a n e s u r f a c e to a b r a s i o n i s 
c a l l e d i t s h a r d n e s s , and i s oommonly r e c o r d e d i n terms of a s c a l e of 
t e n common m i n e r a l s s e l e c t e d by Mohs: 
1 . T a l o , l a m i n a t e d 6. O r t h o o l a s e , w h i t e c l o a v a b l e 
2. Gypsum, o r y s t a l l l z a d 7. Q u a r t z , t r a n s p a r e n t 
3. C a l o i t e , t r a n s p a r e n t 8. Topaz, t r a n s p a r e n t 
4. P l u o r i t e , c r y s t a l l i n e 9. S a p p h i r e , c l o a v a b l e 
5. A p a t i t e , t r a n s p a r e n t 10. Diamond. 
A good method i s to t r y the h a r d n e s s of the m i n e r a l f i r s t w i t h 
the f i n g e r n a i l then w i t h a p o c k e t k n i f e . 
( a ) I f the f i n g e r n a i l c u t s then 1 and 2 a r e t r i e d . 
( b ) I f the f i n g e r n a i l makes no s o r a t o h but the k n i f e does, 
3, 4, 5, and 6 a r e t r i e d . 
( c ) I f the k n i f e f o e s not s c r a t c h the speoiman the h a r d e r 
members, 6 to 10 a r e used s u o o e s s i v o l y u n t i l one i s found 
whioh s c r a t c h e s the m i n e r a l . 
T a s t e . 
A s t r i n g e n t - Alum. 
S a l i n e or S a l t y - Coramon s a l t 
B i t t e r - Epsom s a l t s . 
A l k a l i n e - Soda. 
A c i d - S u l p h u r i c a c i d . 
C o o l i n g - N i t r e . 
Pungent - Sal-ammoniac. 
Odor. 
Odors a r e r a r e l y o b t a i n e d from m i n e r a l s e x c e p t by s e t t i n g f r e s 
some v o l a t i l e c o n s t i t u e n t . 
G a r l i c - H e a t i n g m i n e r a l s c o n t a i n i n g a r s e n i c . 
H o r s e r a d i s h - M i n e r a l s c o n t a i n i n g s e l e n i u m . 
S u l p h u r o u s - H e a t i n g s u l p h u r or s u l p h i d e s . 
F e t i d - D i s s o l v i n g s u l p h i d e s i n a c i d . 
B i tuminous - Bitumen. 
A r g i l l a c e o u s - S e r p e n t i n e and some a l l i e d m i n e r a l s , a f t e r 
m o i s t e n i n g w i t h b r e a t h . 
F e e l . 
Smooth - C e l a d o n i t e or s e p i o l l t e . 
Soapy - T a l c . 
H a r s h or meager - A l u m i o n l t e . 
C o l d - D i s t i n g u i s h e s gams from g l a s s . 
Magnotism. 
A few i r o n b e a r i n g m i n e r a l s a t t r a c t the magnetic n e e d l e or a r e 
a t t r a c t e d by a s t e e l magnet. Of t h e s e m i n e r a l s , m a g n e t i t e , p y r r o h t l t e 
and p l a t i n u m w i l l t h e m s e l v e s o c c a s i o n a l l y a c t a s magnets. 
C r y s t a l Systems. 
T r i c M n i o System - Three n o n - i n t e r c h a n g e a b l e aifes a t o b l i q u e 
a n g l e s to eaoh o t h e r . 
Mouoolinio System - Three n o n - i n t e r c h a n g e a b l e a x e s two of 
which a r e o b l i q u e t o eaoh o t h e r , the t h i r d i s a t r i g h t a n g l e s to the 
o t h e r two. 
Orthorhombrio System - Three a x e s a t r i g h t a n g l e s but not 
i n t e r c h a n g e a b l e . 
T e t r a g o n a l System - Three a x e s a t r i g h t a n g l e s , of which two 
a r e i n t a r o h a n g e a b l e . 
Hexagonal System - Four a x e s , t h r e e of whioh l i e i n on« p l a n e 
a t s i x t y d e g r e e s to each other and a r e i n t e r c h a n g e a b l e , the f o u r t h i s 
a t r i g h t a n g l e s to the o t h e r t h r e e . 
I s o m e t r i c - Throe i n t e r c h a n g e a b l e axes a t r i g h t a n g l e s to eaoh 
o t h e r . 
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Shape of C r y s t a l s * 
Whether showing p l a n e f a o e s or not the i n d i v i d u a l c r y s t a l s 
may be d i s t i n g u i s h e d a s t o t h e i r shape by suoh terms a s : columnar, 
b l a d e d , f i b r o u s , l a m e l l a r , f o l i a t e d , m i c a c e o u s , g r a n u l a r , i m p a l p a b l e 
or dense* 
With r e s p e c t to g r o u p i n g , the i n d i v i d u a l c r y s t a l s may be: 
- p a r a l l e l , r a d i a t i n g , r e t i c u l a t e d , r e s e t t e d , d r u s y . 
Terms d e s c r i b i n g the e x t e r n a l shape of a g g r e g a t e s a r t : 
r e n i f o r m , b o t r y o i d a l , m a m i l l a r y , p i s o l i t i o , o o l i t i c , modular, s t a l -
a o t i t i o , cookscomb, plumose, s h o a f - l i k e , a r b o r e s c e n t or d e n d r i t e , mossy, 
c o r a l l o i d a l , a m y g d a l o i d a l , w i r e - l i k e , and geode. 
P r e p a r a t i o n of m a t e r i a l f o r o p t i c a l t e s t i n g * 
As most o b s e r v a t i o n s a r e made by t r a n s m i t t e d l i g h t i t i s n e c -
e s s a r y to p r e p a r e o b j e c t s so t h a t t h e y w i l l t r a n s m i t l i g h t and not 
o v e r l a p . 
Crushed Fragments. 
A s m a l l fragment i s «ru»hed by p r e s s u r e i n a s m a l l a gate mortar 
( o r by pounding on a s t e e l p l a t e w i t h a hammer). G r i n d i n g i s a v o i d e d . 
The c r u s h e d m a t e r i a l i s then s l a v e d through a s m a l l 100-mesh s c r e e n 
upon'a 120-mesh s c r e e n , the f i n e r p o r t i o n s p e n e t r a t i n g t h a t . The 
p a r t i c l e s r e m a i n i n g on the 120-mesh s c r e e n a r e shaken out on a c l e a n 
p i e c e o f paper and a few fragr.onts a r e p l a c e d on o b j e c t g l a s s by a 
f l a t t e n e d w i r e or k n i f e p o i n t . A droj) of a l p h a monobromnaphthalln or 
ot h e r l i q u i d i s p l a c e d to one s i d e and the powder i s drawn i n t o i t by a 
t i l t e d c o v e r s l i p which i s then p l a c e d i n p o s i t i o n . 
The C l a s s i f y i n g T e s t s a r e : 
1 . The r e l a t i v e i n d i c e s of r e f r a c t i o n of the g r a i n s and of 
f o u r chosen mounting l i q u i d s . 
2. The b i r e f r i n g e n o e of the g r a i n s e x p r e s s e d i n terms d e t e r -
mined by the i n t e r f e r e n c e c o l o r s . 
Re f r a c t i o n . 
Rays of l i g h t p a s s i n g o b l i q u e l y from one medium to a n o t h e r i n 
whioh the v e l o c i t y of t r a n s m i s s i o n i s d i f f e r e n t a r e bent or r e f r a c t e d . 
I f the v e l o c i t y i s l e s s e n e d the bonding i e towards the p e r p e n d i c u l a r 
to the s u r f a c e of c o n t a c t , i f the v e l o c i t y i s i n c r e a s e d the bending i s 
away from the p e r p e n d i c u l a r . 
The r e l a t i v e i n d i o e s o f r e f r a o t i o n a r e dete r m i n e d by "The 
Beoke T e s t " and "The vander K o l k T e s t " . The Beoke T e s t i s based upon 
the o c c u r r e n c e of t o t a l r e f l e c t i o n a t a v e r t i c a l boundary between two 
s u b s t a n c e s o f d i f f e r e n t i n d i c e s and a consequent o o n o e n t r a t i o n of l i g h t 
on the s i d e of the s u b s t a n c e w i t h the h i g h e r i n d e x ( d e n s e r s u b s t a n c e ) . 
The vander K o l k T e s t t a k e s i n t o c o n s i d e r a t i o n t h a t i f any fragment w i t h 
t a p e r i n g edges i s immersed i n a l i q u i d i t w i l l a c t a s a l e n s , and e i t h e r 
o o n o e n t r a t e or d i s p e r s e the l i g h t a s the s u r r o u n d i n g l i q u i d i s of lower 
or h i g h e r i n d e x . 
B i r o f r i n g e n o e . 
The b i r e f r i n g e n c e or s t r e n g t h of double r e f r a o t i o n of any 
doubly r e f r a c t i n g s u b s t a n c e i s the d i f f e r e n c e between i t s maximum and 
minimum i n d i c e s of r e f r a c t i o n . I f t h e s e i n d i c e s can be dete r m i n e d to 
the t h i r d d e c i m a l t h e i r d i f f e r e n c e may be t a k e n a s the b i r e f r i n g e n c e . 
I n p r a c t i c e the b i r e f r i n g e n c e i s u s u a l l y d e t e r m i n e d from the 
r e t a r d a t i o n and consequent i n t e r f e r e n c e c o l o r and the t h i c k n e s s of the 
s e c t i o n . 
1 1 . 
Chamioal C h a r a c t e r of M i n e r a l s . 
M i n e r a l s a r e e i t h e r e l e m e n t s or a r e formed by the u n i t i n g of 
atoms of d i f f e r e n t e l e m e n t s i n d e f i n i t e p r o p o r t i o n s i n a c c o r d a n c e w i t h 
the laws of o h e m i s j r y and f o r e i t h e r i d e n t i f i c a t i o n or c l a s s i f i c a t i o n 
t h e i r o h e m i c a l oomposition i s t h e i r most im]<ortant o h a r a o t e r i s t i o . 
E m p i r i c a l F o r m u l a s . 
The ohemloal o o m p o s i t i o n of a m i n e r a l i s d e t e r m i n e d by e x a c t 
q u a n t i t a t i v e a n a l y s i s and from t h i s a formula i s c a l c u l a t e d whioh shows 
whioh e l e m e n t s and how many atoms of e a c h o c c u r t h e r e i n . Suoh f o r m u l a s 
a r e c a l l e d e m p i r i c a l and do not of n e c e s s i t y e x p r e s s the s t r u c t u r e of 
the m o l e c u l e , but o n l y the c o m p o s i t i o n r a t i o . I n f a c t , the symbols 
adopted a r e a l w a y s the s i m p l e s t which c a n e x p r e s s the p r o p o r t i o n s shown 
by a n a l y s i s to e x i s t between the atoms and w h i c h s a t i s f y t h e i r v a l e n c e s . 
Isomorphism. 
F r e q u e n t l y the r e s u l t s of a n a l y s i s show t h a t the m i n e r a l s con-
t a i n e l e m e n t s f o r e i g n to t h e i r t r u e c o m p o s i t i o n . These may ba p r e s e n t 
a s i m p u r i t i e s but i f the m i n e r a l i s homogeneous these e l e m e n t s r e p l a c e 
a n a l o g o u s e l e m e n t s of the t r u e m o l e c u l e . 
Gel M i n e r a l s and A b s o r p t i o n . 
There a r e a s e r i e s of m i n e r a l p r o d u c t s , a l l r e s u l t s of w e a t h e r -
i n g or hot s p r i n g s a c t i o n , whioh by t h e i r l a c k of u n i f o r m c o m p o s i t i o n , 
g e n e r a l l y amorphous s t r u c t u r e and e x t e r n a l appearance suggest t h a t they 
a r e " h y d r o g e l s " , t h a t i s , p r o d u c t s of c o l l o i d a l c o n d i t i o n . 
C h e m i c a l T y p e s . 
M i n e r a l s l i k e o t h e r d e f i n i t e o h e m i c a l oompounds a r e e i t h e r 
e l e m e n t s , o x i d e s , a c i d s , b a s e s , or s a l t s . 
P r e c a u t i o n s . 
1 . The specimen should f i r s t be c a r e f u l l y s t u d i e d w i t h a hand 
g l a s s . I f i t i s one s u b s t a n c e so f a r a s t h i s shows the t e s t i n g may go 
on. I f not fragments o f the d i f f e r e n t s u b s t a n c e s must be o b t a i n e d and 
s e p a r a t e l y t e s t e d . 
2. I f f i n e g r a i n e d or d u l l , c r u s h e d p a r t i c l e s should be ex-
amined w i t h the m i c r o s c o p e a s to homogeneity. The t e s t w i l l be un-
r e l i a b l e i f the m a t e r i a l i s impure, u n l e s s the e f f e c t of the i m p u r i t y 
upon the t e s t i s known. 
3. L u s t r e s and c o l o r s should be observed on f r e s h f r a c t u r e s 
e s p a o i a l l y i n m i n e r a l s of m e t a l l i c l u s t r e . 
4. C l a s s i f y i n g t e s t s must be d e c i d e d ; not weak, nor i n d e f i n i t e . 
I f u n d e c i d e d , the s p e c i e s on both s i d e s of the d i v i d i n g l i n e must be 
c o n s i d e r e d . 
5. I f a s may happen the t e s t s f i t no s p e c i e s i n a soheme or do 
f i t some s p e c i e s the d e s c r i p t i o n of whioh i s r a d i c a l l y u n l i k e the 
speoimen, then e i t h e r some e r r o r has been made or the specimen b e l o n g s 
to a s p e o i e a not i n c l u d e d i n a scheme, f o r which more e l a b o r a t e t e s t i n g 
w i l l be needed. 
